Avian brood parasitism often has multiple negative effects on the reproductive success of the host. Most studies have focused on one or two of these effects, but rarely have they all been studied simultaneously for one species. I studied prothonotary warblers to quantify the effects of different intensities of (i.e. multiple) brood parasitism by brown-headed cowbirds, Molothrus ater, on the production of host and cowbird young and on the between-year returns of adult warblers. Host clutch size decreased with an increase in the number of cowbird eggs laid in nests. The hatching success of warbler and cowbird eggs decreased with increased cowbird eggs in nests, but was always higher for cowbird eggs than warbler eggs. The survival of warbler nestlings, but not cowbird nestlings, decreased with increased cowbird nestlings in the brood. An increase in the number of cowbird nestlings in broods resulted in a reduction in the average mass of warbler nestlings but not cowbird nestlings. The number of cowbird eggs or nestlings present did not affect nest predation, and the fledging of cowbirds did not influence the renesting interval of female warblers. In addition, the between-year returns of adult warblers were not negatively affected by brood parasitism. Decreased hatching success and nestling survival reduced the reproductive output of the warblers the most. These effects were substantial and appear to favour the evolution of behavioural responses that reduce the effects of brood parasitism on prothonotary warblers.
Avian brood parasitism often has multiple negative effects on the reproductive success of the host. Most studies have focused on one or two of these effects, but rarely have they all been studied simultaneously for one species. I studied prothonotary warblers to quantify the effects of different intensities of (i.e. multiple) brood parasitism by brown-headed cowbirds, Molothrus ater, on the production of host and cowbird young and on the between-year returns of adult warblers. Host clutch size decreased with an increase in the number of cowbird eggs laid in nests. The hatching success of warbler and cowbird eggs decreased with increased cowbird eggs in nests, but was always higher for cowbird eggs than warbler eggs. The survival of warbler nestlings, but not cowbird nestlings, decreased with increased cowbird nestlings in the brood. An increase in the number of cowbird nestlings in broods resulted in a reduction in the average mass of warbler nestlings but not cowbird nestlings. The number of cowbird eggs or nestlings present did not affect nest predation, and the fledging of cowbirds did not influence the renesting interval of female warblers. In addition, the between-year returns of adult warblers were not negatively affected by brood parasitism. Decreased hatching success and nestling survival reduced the reproductive output of the warblers the most. These effects were substantial and appear to favour the evolution of behavioural responses that reduce the effects of brood parasitism on prothonotary warblers.
 2003 Published by Elsevier Science Ltd on behalf of The Association for the Study of Animal Behaviour
The brown-headed cowbird, Molothrus ater, a North American generalist brood parasite, reduces the reproductive success of its hosts in a number of ways (reviewed in Robinson et al. 1995a ). The specific effects associated with avian brood parasitism include reductions in the size of the host's clutch (e.g. . In addition, if provisioning a brood that contains cowbirds is costly, it may increase the renesting interval of the host. Individually or in combination, these effects may greatly reduce the reproductive success of hosts that accept brood parasitism.
Brood parasitism by brown-headed cowbirds may also influence between-year returns of adult hosts (via mortality) if it is energetically more costly for birds to raise broods with cowbird young than broods without. However, only indirect evidence exists for this possibility (e.g. Grzybowski 1991). Differences in characteristics such as body mass (e.g. Trine et al. 1998 ) and incubation period (Friedmann 1963; Briskie & Sealy 1990 ) may result in differences in the effects of brood parasitism between host species. In addition, negative effects associated with parasitism may increase as a result of multiple parasitism (i.e. as the number of cowbird eggs in parasitized nests increases; e.g. Trine 2000).
To date, most studies have focused on only one or two of the effects of cowbird parasitism on host reproductive success outlined above. To achieve a clear understanding of the effects of being parasitized, however, it is necessary to assess all of these factors simultaneously (Rothstein & Robinson 1998) . I studied populations of prothonotary
